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DRIVE CONFIGURATION FOR A SKID 
STEERED VEHICLE 

This application is the US national phase of international 
application PCT/GB02/01735, ?led 17 Apr. 2002, Which 
designated the US. PCT/GB02/01735 claims priority to GB 
Application No. 01093368, ?led 17 Apr. 2001. The entire 
contents of these applications are incorporated herein by 
reference. 

BACKGROUND OF THE INVENTION 

(1) Field of the Invention 
The present invention relates to a novel drive con?gura 

tion for skid steered vehicles, including tracked or Wheeled 
vehicles, for example but not limited to, a military armoured 
tank. 
A skid steered tracked vehicle is steered by forcing the 

tWo tracks to run at different speeds (skid steering). In the 
same Way a Wheeled skid steered vehicle is steered by 
forcing Wheels to one side of the vehicle to run at different 
speeds to the Wheels on the other side of the vehicle. For 
tracked vehicles, large driving force differences are required 
betWeen the tWo tracksilarge braking forces on the inner 
track and high driving forces on the outer track. This results 
in very high mechanical poWers at individual track sprockets 
particularly When the vehicle is running at medium to high 
speeds. These high poWers are sustained in a modern con 
ventionally driven tracked vehicle by the use of mechanical 
poWer regeneration. Differential gears and cross-shafts are 
used to control the relative speeds of the tracks and transfer 
the braking poWer from the inner track to the outer track to 
sustain the turn. Similar considerations apply for skid 
steered Wheeled vehicles. 
A number of electric track drive arrangements use a 

separate electric motor to drive each track. This arrangement 
is commonly knoWn as a tWo-line system. The regenerative 
steering poWer in such a system must be handled electrically 
resulting in the need for use of oversiZed motors and poWer 
converters. (For example the mechanical poWer measured at 
the outer track drive sprocket of a main battle tank, in a 
medium to high speed turn, can be around 2500 kW When 
the engine poWer is only approximately 1000 kW). An 
alternative approach uses the same mechanical regenerative 
arrangement as in a conventional transmission combined 
With an electric drive. This arrangement is sometimes 
referred to as a cross-shaft electric drive system and is 
illustrated in FIG. 1. US. Pat. No. 4,998,591 discloses an 
electric drive system of this layout. 

In this arrangement, the steer cross-shaft runs across the 
vehicle outside the propulsion motor. This increases the siZe 
of the assembly and requires a number of idler gears. If a 
gear change is to be used, the propulsion cross-shaft must be 
separate from the motor shaft. This can be achieved by 
making the motor shaft holloW and passing the cross-shaft 
through. This hoWever increases the diameter of the motor 
bearings making a high motor speed, desirable for good 
poWer density, di?icult to achieve. The propulsion cross 
shaft could be mounted outside the motor, or the motor 
mounted outside the propulsion cross shaft, increasing the 
package siZe and adding the need for idler gears increasing 
complexity and reducing efficiency. 

(2) Description of the Art 
US. Pat. No. 4,998,591 also discloses a drive con?gura 

tion Which uses a single differential mounted centrally and 
driven by a single propulsion motor. The differential is 
identical to a single differential in a conventional Wheel 
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2 
driven car or truck axle. The torque from the drive motor is 
divided equally betWeen the tWo half shafts Which can rotate 
at different speeds relative to one another. On each half shaft 
is mounted a steer motor. To steer the vehicle, the inside 
steer motor must act as a brake and the outside steer motor 

must apply additional driving torque to generate the required 
large track drive force difference across the vehicle to cause 
the vehicle to skid steer. As the tWo steer motors are 
operating at the speed of the half shafts and are handling 
high torque When the vehicle is turning they are operating at 
high poWer, one regenerating and one driving. The system 
therefore, is not a mechanically regenerating system and has 
the same disadvantages as a tWo line system in that over 
siZed motors are required. 

US. Pat. No. 5,168,946 discloses a drive con?guration 
similar to a conventional tank gearbox but does not use a 
steer cross-shaft. The disclosed arrangement uses three 
motors and a brake. For loW speed operation, the brake is 
applied and a central motor is de-energised. The vehicle then 
drives as a tWo line system at loW speeds. At higher speeds 
the brake is released and the central motor drives increasing 
the speed range and introducing mechanical regenerative 
steering through the central motor shaft. In order for this 
system to Work as described in that document, the outer tWo 
motors Would need large torque and poWer ratings giving 
little advantage over a purely tWo-line system as previously 
described. 

US. Pat. No. 2,730,182 describes a controlled differential 
device. A French Patent FR 2,382,362 describes the opera 
tion of a controlled differential but does not appear to 
disclose a practical embodiment of such a device. 

A controlled differential has the characteristics that it 
couples tWo half shafts and controls their relative speeds. 
When the steer motor is stationary the tWo half shafts are 
simply coupled by the controlled differential so that they 
must run at the same speed. When the steer motor is rotated 
in one direction one half shaft is forced to run faster than the 
other. When the steer motor is rotated in the other direction 
the other half shaft is forced to run faster than the other. 
Operation of the steer motor at Whatever speed the vehicle 
is traveling Will therefore cause the vehicle to turn, With 
steer poWers regenerated across the vehicle by the torque 
produced in the cross-shafts, Which supports the high track 
driving force difference betWeen the inside and outside 
tracks. 

US. Pat. No. 2,730,182 describes an arrangement using 
tWo long gears half meshing With each other and mounted on 
a common carrier, each meshing With an annular gear. Each 
annular gear is connected to a bevel gear Which connects to 
the tWo half shafts. The steer motor acts through a Worm and 
Wheel on the carrier for the tWo long gears. Due to the use 
of bevel gears and the con?guration for the tWo long 
meshing gears, such an arrangement Would need to be large 
and heavy for a high poWer device. 
The above described arrangements suffer from various 

disadvantages; including in some cases the need for over 
rated motors to achieve steering, complex mechanical 
arrangements requiring multiple cross shafts and idler gears 
and/or complex motor con?gurations incorporating tubular 
shafts. 

SUMMARY OF THE INVENTION 

The present invention provides a novel drive con?gura 
tion Which seeks to alleviate at least some of the problems 
described for the prior art. 
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In accordance With the present invention there is provided 
a drive con?guration for a skid steered vehicle comprising: 

a pair of drive members for engaging With tracks or 
Wheels of the skid steered vehicle, at least one propulsion 
motor having a single through motor shaft carrying the 
motor rotor and protruding from the ends of the motor, a ?rst 
end of the motor shaft being coupled to one of the pair of 
drive members and a second end of the motor shaft being 
coupled to a controlled differential device, and a steer motor 
in driveable communication With the controlled differential 
device, the steer motor being controllable from a Zero speed 
to give straight line running to one or more different speeds 
in either or both directions of rotation enabling steering of 
the vehicle in at least one direction. 

Preferably a second propulsion motor is ?tted on the other 
side of the vehicle betWeen the controlled differential and the 
second track drive member. Alternatively, the arrangement 
may comprise a single propulsion motor, the second being 
replaced With a plain shaft or coupling betWeen the con 
trolled dilferential and the second drive member. 

Preferably a transmission system is also used on each side 
of the vehicle betWeen the outer end of each motor shaft and 
the drive member consisting of all or any combination of 
gear reductions brake and gear change or changes. 

Desirably, the drive con?guration may include a linkage 
for linking together gear changes and for braking in the 
transmission system on either side of the vehicle. Various 
suitable forms of linkage Will no doubt occur to the skilled 
addressee. Linkages may be mechanical; electrical (eg 
Wherein an electrical actuator is used to effect gear changes) 
or hydraulic (eg When a hydraulic actuator is used to effect 
gear changes), or of any other suitable form. The provision 
of a suitable linkage enables simultaneous gear change 
and/or breaking in the tWo sides of the transmission system 
and thereby provides better control in steering the vehicle. 

The controlled differential device preferably comprises of 
tWo epicyclical gear trains. In a preferred option the planet 
carriers of the tWo epicyclical gear trains are common 
connected by a shaft running through the tWo sun gears. The 
steer motor acts on the tWo sun gears either through a short 
cross-shaft tWo sets of spur gears and a reverse idler gear, or 
by the use of bevel gears. The tWo output shafts from the 
controlled differential device; in this case connected to the 
propulsion motor shafts, are each coupled to the annuli of 
the epicyclical gear trains. This arrangement minimises the 
loads on the connections betWeen the steering motor and the 
epicyclical gear train, but increases the speed of the planet 
gears. For cooling and lubrication it therefore may be 
desirable to consider other possible arrangements as listed 
beloW. 

In a further possible arrangement, the output shafts are 
connected to the annuli, the steer motor acts on the planet 
carriers and the sun gears are common. 

In a further possible arrangement the output shafts are 
connected to the sun gears, the annuli are common and the 
steer motor acts on the planet carriers. 

In a further possible arrangement, the motor shafts are 
connected to the sun gears, the tWo planet carriers are 
common and the steer motor acts on the annuli. 

In a further possible arrangement the output shafts are 
coupled to the planet carriers, the sun gears are common and 
the steer motor acts on the annuli. 

In a further possible arrangement the output shafts are 
coupled to the planet carriers the annuli are common and the 
steer motor acts on the sun gears. 
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4 
Other possibilities Will no doubt occur to the skilled 

addressee Without departure from the true scope of the 
invention as de?ned by the appended claims. 

In one embodiment the novel drive con?guration com 
prises tWo separate propulsion motors, gear reductions, 
brakes and gear change units, each one nominally driving 
one track or Wheel as in a tWo-line system. A controlled 
differential steer unit is mounted betWeen the tWo propulsion 
motors. A steer motor acting on the controlled differential 
then controls the relative speed of the tWo propulsion motors 
and so the relative speeds of the tWo tracks or Wheels to 
impose the steer function. The motor shafts act as the 
propulsion cross-shaft and transfer the regenerative steering 
poWer. 

This arrangement greatly simpli?es the construction of 
the motors compared to a system that uses a tubular motor 
shaft. The gearing, brake and ?nal drive are all easily 
mounted axially With no requirement to ?t inside the run of 
a cross-shaft. The Whole transmission including, gear reduc 
tions, gear changes and brakes can be ?tted in a cylinder the 
diameter of the propulsion motors running across the Width 
of the hull, apart from the relatively small steer motor, 
greatly reducing the volume used by the drive system in the 
vehicle. 
An alternative embodiment may comprise a single pro 

pulsion motor. In this embodiment, for straight line running 
half of the poWer Would be transferred through the steering 
di?ferentials With a loss of ef?ciency. For packaging reasons 
small diameter motors are desirable. TWo small diameter 
motors are preferred to one long small diameter motor, but 
both options are viable in the drive con?guration of the 
invention. 
The propulsion and steer motors are preferably electrical 

but one or both may optionally comprise a different type of 
motor, for example; a hydraulic motor. 
A feature of this drive arrangement is the use of the 

controlled differential gear steer unit Which causes the 
transmission of the regenerative steering poWers directly 
through the motor shafts, removes the need for a separate 
steering cross-shaft and greatly simplifying the packaging 
and design of the other components. 

DESCRIPTION OF THE FIGURES 

For the purposes of exempli?cation, some embodiments 
of the invention Will noW be described With reference to the 
folloWing Figures in Which: 

FIG. 1 shoWs a prior art drive con?guration; 
FIG. 2 shoWs a ?rst controlled differential con?guration 

suitable for use in an embodiment of the invention; 
FIG. 3 shoWs a second controlled differential con?gura 

tion suitable for use in an embodiment of the invention; and 
FIG. 4 shoWs a simpli?ed embodiment of a drive con 

?guration for a tracked vehicle in accordance With the 
invention; 

FIG. 5 shoWs a further embodiment of a drive con?gu 
ration for a tracked vehicle in accordance With the invention; 
and 

FIGS. 6 and 7 are schematic vieWs of drive con?gurations 
for Wheeled vehicles in accordance With the invention. 

DESCRIPTION OF A PREFERRED 
EMBODIMENT 

As can be seen from FIG. 1, the prior art drive con?gu 
ration comprises a propulsion motor (1) mounted on a 
cross-shaft (2) Which is coupled to the annuli of the tWo 
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epicyclical steer differential (3a, 3b). The planet carriers of 
the tWo epicyclical steer differentials are connected to the 
output shafts (4a and 4b) and the track drive sprockets (5a 
and 5b). The steer motor (6) is mounted on a steer cross shaft 
(7). The steer cross shaft is coupled to the sun gears of the 
steer epicyclical differentials by a number of spur gears (8a, 
8b, 8c, 8d, and 8e). An extra spur gear (8d) is used on one 
side to reverse the rotation of the sun gear. This layout is 
identical to that used in a conventional mechanical drive 
tank transmission, the propulsion motor is ?tted in place of 
the gear range change pack and the hydraulic steer motor has 
been substituted for a electric motor. This is the basis of the 
electric drive shoWn in Us. Pat. No. 4,998,591. 
As can be seen from FIG. 2, a preferred arrangement of 

a controlled differential comprises a steer motor (21) 
mounted on a cross-shaft (22). A pair of epicyclical gear 
trains are arranged such that tWo planet carriers are con 
nected by a shaft (23) Which passes through the centre of tWo 
sun gears (24 and 25). The sun gears (24, 25) are in turn 
coupled With spur gears (26a, 26b, 260, 27a, 27b) to the 
steering shaft. Idler gear (26b) is used on one side to reverse 
the direction of rotation of the sun gear. TWo annuli (28, 29) 
of the epicyclical gear trains are coupled to output shafts (30, 
31) of the controlled differential and are shoWn connected to 
tWo propulsion motors (32, 33). 
As can be seen in FIG. 3, a second controlled differential 

arrangement comprises a steer motor (41) including an 
output shaft (42). A pair of epicyclical gear trains are 
arranged such that tWo planet carriers are connected by a 
shaft (43) Which passes through the centre of tWo sun gears 
(44 and 45). The sun gears (44, 45) are in turn coupled With 
bevel gears (46a, 46b, 460) to the steering motor output 
shaft. The tWo annuli (48, 49) of the epicyclical gear trains 
are coupled to output shafts (50, 51) of the controlled 
differential and are shoWn connected to tWo propulsion 
motors (52, 53). 

FIG. 4 illustrates, in general overvieW, a drive con?gu 
ration for a tracked vehicle in accordance With the invention. 
The arrangement (comprises a steer motor (60) in driveable 
communication With a controlled differential (61). The con 
trolled dilferential (61) couples the tWo motor shafts (62, 63) 
of the tWo propulsion motors (64 and 65). The rotors (67, 66) 
of the tWo motors are mounted on the motor shafts (62, 63). 
At the outer ends of each motor shaft is mounted a track 
drive sprocket (68, 69). 

FIG. 5 illustrates a further embodiment of the invention 
for a tracked vehicle. A steer motor (71) is coupled to a 
controlled differential (72). The output of the controlled 
differential is connected to the tWo propulsion motors (74a, 
74b) by motor shafts (73a, 73b). BetWeen the outer ends of 
the motor shafts (73a, 73b) and the track drive sprockets 
(78a, 78b) are ?tted a number of transmission components 
including gear reduction and gear change units (75a, 75b), 
brakes (76a, 76b) and ?nal drive gear reductions (77a, 77b). 

The embodiment illustrated in FIG. 6, is for a skid-steered 
Wheeled vehicle. This embodiment comprises three pairs of 
wheels (80a), (80b) and (800) spaced along the length of a 
vehicle hull. A steer motor (84) is coupled to a controlled 
differential (86) as described previously and the output of the 
controlled differential (86) is connected to tWo propulsion 
motors (88a), (88b) by shafts (90a), (90b). BetWeen the ends 
of the outer ends of the shafts (90a), (90b) and the drive 
shafts (92a), (92b) of each Wheel of the pair (80a) is ?tted 
a transmission unit (94a), (94b). The transmission units link 
each of the Wheels on one side of the hull. 

The embodiment illustrated in FIG. 7 is similar to that 
shoWn in FIG. 6 except that three steer motors (96a), (96b), 
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6 
(960) and controlled differentials (98a), (98b) and (980) are 
provided, each differential being connected to propulsion 
motors (100a), (100b), (1000), (100d), (1000) and (100]) 
connected to pairs of shafts (102a), (102b), (1020) to Which 
the Wheels pairs (104a), (104b), (1040) are connected. 
The embodiments of the invention share the common 

feature of a controlled differential con?gured to cause a 
transmission of the regenerative steering poWers through the 
propulsion motor shafts thereby removing the need for 
additional cross-shafts and greatly simplifying the packag 
ing and design of the other components in the system. The 
novel arrangements take up less space than prior art con 
?gurations and are expected to be more mechanically effi 
cient. Other embodiments of the invention Will no doubt 
occur to the skilled addressee Without departing from the 
true scope of the invention as claimed in the appended 
claims. 

The invention claimed is: 
1. A drive con?guration for a skid steered vehicle com 

prising: 
a pair of drive members for engaging With a pair of tracks 

or Wheels of the skid steered vehicle, at least one 
propulsion motor having a single through motor shaft 
carrying a rotor of the motor and protruding from the 
ends of the motor, a ?rst end of the motor shaft being 
coupled to one of the pair of drive members and a 
second end of the motor shaft being coupled to an 
output of a controlled differential device, and a steer 
motor in driveable communication With an input of the 
controlled differential device, the steer motor being 
controllable from a Zero speed to give straight line 
running to one or more different speeds in either or both 
directions of rotation enabling steering of the vehicle in 
at least one direction. 

2. A drive con?guration as claimed in claim 1 Wherein 
there is only a single propulsion motor, and a plain shaft or 
coupling is provided betWeen the controlled differential and 
the second drive member. 

3. A drive con?guration as claimed in claim 1 Wherein 
there are at least tWo propulsion motors. 

4. A drive con?guration as claimed in claim 1 Wherein the 
con?guration is further provided With a transmission system 
comprising one or more of a pair of brakes, a pair of gear 
reduction/change units and a pair of ?nal drive units each 
mounted symmetrically of the controlled differential. 

5. A drive con?guration as claimed in claim 4 Wherein the 
paired components of the transmission are linked by a 
linkage mechanism con?gured to provide substantially 
simultaneous gear changes and/or braking at the tWo sides of 
the vehicle. 

6. A drive con?guration as claimed in claim 5 Wherein the 
linkage mechanism is mechanical, electrical or hydraulic. 

7. A skid steered vehicle incorporating the drive con?gu 
ration as claimed in claim 1. 

8. A skid steered vehicle as claimed in claim 7 Wherein the 
vehicle is a tracked or Wheeled vehicle. 

9. A drive con?guration for a skid steered vehicle com 
prising: 

?rst and second drive members for engaging With respec 
tive tracks or Wheels at opposite sides of the vehicle; 

a ?rst propulsion motor disposed inboard of the ?rst drive 
member and arranged to drive a ?rst shaft coaxial With 
a rotor of such motor; 

a second propulsion motor disposed inboard of the second 
drive member and arranged to drive a second shaft 
coaxial With a rotor of such motor; 



US 7,074,151 B2 
7 

a controlled differential device disposed between the ?rst 
and second propulsion motors; and 

a steer motor coupled to the controlled differential device 
to provide steering input to the con?guration through 
the controlled differential device, the ?rst shaft being 
coupled at one end to drive the ?rst drive member and 
coupled at its other end to a ?rst output of the controlled 
differential device and the second shaft being coupled 
at one end to drive the second drive member and 
coupled at its other end to a second output of the 
controlled differential device. 

10. A drive con?guration as claimed in claim 9 Wherein 
the controlled differential device comprises a pair of epicy 
clical gear trains. 

11. A drive con?guration as claimed in claim 10 Wherein 
the epicyclical gear trains are arranged to form a double 
epicyclical controlled di?ferential having a common planet 
carrier. 

12. A drive con?guration as claimed in claim 11 Wherein 
the planet carriers are joined by a common shaft passing 
through a pair of sun gears. 

13. A drive con?guration as claimed in claim 9 Wherein 
the drive con?guration is housed in a cylinder of a diameter 
approximately equal to that of the propulsion motors With 
the steer motor located adjacent and outside the cylinder. 

14. A drive con?guration as claimed in claim 13 Wherein 
the cylinder extends across the Width of the hull of the 
vehicle. 

15. A drive con?guration as claimed in claim 9 Wherein 
one or more of the propulsion motor(s) and/or steer motor is 
electrically or hydraulically driven. 

16. A skid steered vehicle incorporating the drive con 
?guration as claimed in claim 9. 

17. A drive con?guration as claimed in claim 9 Wherein 
the controlled differential device comprises a pair of epicy 
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clical gear trains each comprising a sun gear, planet gears 
carried by a planet carrier, and an annulus; the planet carriers 
being interconnected so as to rotate in common; and Wherein 
said ?rst and second shafts are coupled to the controlled 
differential device trough respective said annuli. 

18. A drive con?guration for a skid steered vehicle 
comprising: 

?rst and second drive members for engaging With respec 
tive tracks or Wheels at opposite sides of the vehicle: 

a controlled di?ferential device comprising a pair of 
epicyclical gear trains each comprising a sun gear, 
planet gears carried by a planet carrier, and an annulus; 
the planet carriers being interconnected by a shaft 
passing through the sun gears such that the planet 
carriers rotate in common; 

?rst and second propulsion motors each coupled betWeen 
a respective sold drive member and a respective said 
annulus; and 

a steer motor coupled to impart relative rotation betWeen 
said sun gears in opposite directions. 

19. A drive con?guration as claimed in claim 18 Wherein 
said sun gears are coupled to said steer motor through 
respective spur gear trains, one such train comprising a gear 
to reverse the direction of rotation of the respective sun gear 
in relation to the other sun gear. 

20. A drive con?guration as claimed in claim 18 Wherein 
said sun gears are coupled to said steer motors through 
respective bevel gears coupled to a common bevel gear. 

21. A skid steered vehicle incorporating the drive con 
?guration as claimed in claim 18. 
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